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Subject: Progreu Repart I: Preliminary Investigmtions in Hydraulic
o ’locculating Agent Fo. 1 ‘

Introduction

mmmpmedarmmwlgss,usmuw
tesuwremdzonﬂoccuhting.xgent‘o. 1. The tests wvere conducted
mmmdmummmcummatmm '
Federal Center. ‘

'nxepurpoceottbemumtodetemmethefmibmtyat

ueing & flocculating agent as an aid in settlirg out suspendad sediment.
The tests were performed in two series. Int.herirltnerigs,‘

three different types of sediment vere tested to determine the amount
of agent needed to flocculate variocus concentrations of suspecded
sediment under quiescent conditions. The second series of tests were
performed in a l-foot-vide by 1-1/2-foot-deep by 30-foot-long flume to
mmumwm:mwmmwmmmm
floving. Figure 1 shovs the test eguirment used in both series.

©  The initial tests on the flocculating agent were performed
in the laboratcry on three sediment saxples from canals in the Middle
Ric Grande area representing material with varying esounts of cley,
sand, and silt. The sediment samples tested were masbered as follows:
2344, 23M7, and MC10. No size analysis of the MC10 pateriel vas
mede, but the 23Ms contained 54 percent sand and 46 percent silt to
clay and the 23M7 contained 8 percent sand and 92 percent silt to
clay.

Teatins?rocednre

Amtimproceduremestahnshedbytﬂalnndmm
ordertoobtamwebestreu&ta,oocemispmceduremmitm
rol.lomdinullsubse@se_nttests. ~




‘Deatingmcemn-e

(1) Veighmmtoftutsedhenttoproﬂﬂedeured
sediment concentration.

(2) Mix sediment in spal’ mntormmtoinnu'ethatm
clay particles go into suspensgion.

(3) Mix in electric mixer for 3 minutes.

(&) ?hcemmuthdrmlmbeammnwmu
tube is filled to 500 cc —rk.

(s) mwbeuﬁfcrendmilsoluﬁon is uniformly mixed.

(6) Placel/3uttlocculat1naagentinmbeandtumtubeend
forend3tim

(7) Repeat Mo. 6 two more times. Thig insures good distributicn
amrmmmwmm»:mmmmem
tmflocbuildup

(8) PlacetubeinmkandwithdrwWSOccot
sample into geparate beekers at k5 aeconds, emmtes, 5 ainutes,
and 10 minates.

(9) Place beakers in electric oven overnight to evaporate
nw. !

{(10) mmwmmtumamtmuw
time interval by weighing dried sample. ‘

The three sediment semples wvere tested at 2, 1, and 1/2 percent
sediment concentrations. For each sediment concentration, 3 different
percentages of flocculating Agent NKo. 1 vere tried, as well as cae
test vithout & flocculating agent. memenmuonofthe
flocculating agent is listed as "pounds per tom;™ th:lsrefersto
pmndsortlocculmpertonmrmpad.edsouds.

Test Results

The results of each test have been plotted and are shown on the
attached graphs. Although the results not statistically correct due




Test Series No. 1. The curves indicate that under quiescent
conditions 5 o ﬁ_ percent of the sediment settles out wvithout the
addition of the flocculating agent. The sddition of & very small
amount of flocculating agent incresses the amount of settling; in the
case of the high sand content sediment (234), the quantity settled
out increased to 95 percent, while the low sand content sediment
1mmdmabou:98pementoett1adom.~mlcmumw
an increase from 90 percent settled out to sbout 98 percent settled
out. anmmcmhaedmamdmmmnngtm, :
Pigures 2, 3, and &k, .

A plot of the amount of sediment settled out versus time is
shown on Figures 5 to 13, inclusive. The plots indicate that the ‘
anount of sediment settling out increases with time and elso incressey
as the strength of the treatment increases. There also seens t0o be
8 trend in all of the graphs indicating that for equal treatment
levels, -or strength of flocculating sgent, a higher percentage of
zwmmmmnmmmunmmu
suspension.

To summarize:

(2) Inmumtesmwwpementortbeum”mm
utmmmotntlmcummsw

(2) Amry..nllmmtofthen.occuhtmsmntm
the percentage of sediment that settled out as follows: in the
cmofmmmﬁmm,mmthecmotcm
mw%w

(3) !bepextwofmntthat settles cut increases as .
the concentration of the suspended sediment increases.

Test Series No. 2. mmm”mcotm‘ummd
in the l-foot-wide, 30-foot-long recirculating flume. These tests wire
exploratory in neture due to the limitstioas of the flume. FPive tests
vere maade in the fluxe; theﬁrsttvouerenin]qcomezuduth
WMotme,mmmum
agent, mamgtheeﬂeetimsatthe-mt

mmnmumwmfotm.tummm




R
S

! ;
RN
- i fuj? L
‘ iy i 3 LY mmm.m mm
R i
i
| wwmmwm. mmhmmm“WU“m ‘ wm 1yt HE @mm
3 55uy meimu ? mmm mm mu m wm m
| iy | sy T mm: AT
i kih mmmmnmm it i it m
I jik i mtn il :
i n i s m.m mm T um
R o %m o i
. 3 ol m
A Tk r M mm,




8 were

'i

Poxtbemmottheﬁmnmetenm:h
-adeinthetenm %ﬂmculmmﬂuabyt
feeder st & constant rate depending on the water velocity.
second change was to obtain sediment ssmples st both the upsiresm and
dosmstrean enic o2 the flume. The size of the samples was atill 50
ml, end they were obtained st the surface and st mid-depth.

?E

velmityn&nedwmozm];ermonﬂ The initial suspended
Mcﬂmentruthn:mumnm

Percent of suspended sediment
Downstreen

Surface 0.22% 0.18%
‘Mid-depth . .08 -38%
Ter minutes later the conceatrations were:
- Percent of aupeﬁed' sediment
Upstresn Pownstremm
Surface 0.22¢% 0.16%
Mid-depth - 4 | 229

The sddition of the flocculant was started at the rate of 32 ml per
zinute, the strength was 0.005 percent, a very weak solution. After
10 minutes the sediment commntiom were:

Percest of nupeaded sediment
Surface 0.20% ‘ 0.1“
m—dcpth .20$ .20%

memmwmmmwxmm

Peteem: of,c_u_uﬁg% nedhent

Surface 0.18% 0.3
Mic-depth 0% .

These two runs of the first test indicated that the flocculant would
mmmmummmmam bat the
izprovement ves rather smsall, Piomeli




Flume Test No. 2.--Before starting the second test the flume
vad cleaned and fresh water placed in it, also the same smounts of
chemiceals were added in order to increass the hardness. Righty-six
MorMWmmmmmMMan]mm
added to the flume water. mmmmﬂmm.@»nm
3.25 feet per second velocity until the silt was added, then the
velocity vas reduced to about 0.1k foot per second. The first
sediment sample wes obtoined with the welocity at 3.25 feet per
second. ‘ ,

Percent of anspended sediment
. Downstream
Surface 0.9 o.&;

Tventy minutes after the velocity was reducedtoo.lhrootperceeond
another set of samples was taken:.

Percent of suspended sediment

Surface - 0.68% 0.52¢
Mid-depth T2 - .TES

Afier 8 “ime interval of 11 minutes the third sample was taken:

Surface 0.62% 0.hkg
Mid-depth - J66%

After this ssmple had been taken the: flocculant feeder was
started at the rate of 300 ct per minute with a strength of 0.01 pound
of flocculant per ton of solide. There wes po visible flocculstion so
mmnummrmawsoo:cmmmmw
750 cc per minute. This produced a slight flocculation, but not
sufficient; therefore, the strength of the treatment was further
mmmlitmqummmmomwotmm
per ton of solids, assuming a silt load of about 0.8 percent.

After a time interval of shout 33 minutes from when the
npccnlmmﬁz?tdﬂedaﬁmlm-a-ple‘mm ‘




Surface 0. 0.16%

When the results of the second test are plotied, Pigure 15,
-the plot indicates that the flocculant incressed the amount of sediment
that settled out. The curves shoved that the emount of suspended
sediment was leveling out or tending to remain constant but that when
the flocculant waz added the curves steepened, wc.tmthttmre
-edmmmmtlingaut

rlu-e‘reatlo 3.~-For the third flume test the flume wvas
agein clcaned and fresh wvater added; the same chemicals as before were
sdded in order to increase the hardness of the water. A series of
batrlesvuplwedattheupstreuendo:theﬂneuoﬁerw
mtheturmlememam'orco-ple&eunng Another tett
change vas to induce the flocculsnt into the fiume flow through three
Mem:mnesnmmwofthenmmmam
one source. Bighty pcunds of silt ves slurried and mixed with the
flume water. ’

‘For this test 40 pounds of MCZ sediment and %0 pounds of MCh
sediment vere used; from appearances the NC2 sediment seemed to have &
very high clay content, and the MCh was gquite sandy. ‘e-tcpertcmd
umtmmnwmspnmmnmumum
m-nmutimintem(nm]ﬁ)'

MC2 sediment--Fo flocculant, Ss.emwmoetuedont
}‘loccnhnt.utmeoroohkpound/wn, mammuttledout

MCh sediment--No flocculant, 82.7 percent oettleﬂ out
Flocculsxt nmoro.oym/m, 966percem‘.nettledout

merthesutslmrymummthenmemrthe L
~veloc1tymmedtom0.mfnotper-ecoad mnmmmm:
n:plzmthelemulu- - ,

sediment
— Downstrees

0.72% 0.5M°
o e

‘Percent ornuEnded
Gyetreen




Ten minutes later the comcentrations were:

Percent of gg&% d sediment
Surface 0.58% d.ia;

The flocculant feeder was started after this sampling. The strength of
mmmo.osmprmot-olmmmmorm
was 200 cc per minute.

tummmnmcnmtm-matum
sediment concentrations were:

‘Percent of -_um sediment
Burface : o.aﬁ | ‘0.22%

Percent of w%am

Burface o.k28  0.12%
Hid-depth | .h?i ; ; .20%

During this poriod there wvas visible flocculstion in the

stzeem flow and the flocs were settling slmost verticaily, however,
thmrmeofmnwmtheﬂmamnmcm

The rate of sdding the flocculant to the flume was incresased
to 250 cc par minmute. Ten minutes later the sediment concentrations

were: 2 .
Petceﬁt of g_n_s% : ‘ udi-.-ut ‘
Surface " '0;281. 0.165

The results of this test are ahown on 'igure 7.
) 7
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: Flume Test No. k.--All of the preceding tests sppear to give
more or less erratic results when plotted on grepb paper with the
mmmedmwmmnutheomm a8 the
mnun,muMmmmmzmismmwm
concentraticn to become smaller with time. The emount of reduction of
szMmmmmnmcMme
the flov than vhen there wvas nd fioeculant s2ded. One test vas
pex'fbmedinvhichnk-honr'unmuﬂevithnonoccwaddedw
the flov. A very small samount of suspended sediment, same materisl as
usedin!‘lue'rest!o.3,m1n%heﬂov;tthes’.mottheteat.

The md-deptb, sediment concentrations m Flume Test Ko. L

Percent of ‘W‘Wt

Start .‘ ' 0..50"
After 1 br 50 min :

After 3 br :
After 3 br 50 min

The restlts are also shown on Pigure 18.

Flume Test No. 5.-<For the £ifth flume test the
vas o sdmit the vater at the upper end of the flume t
gate. An hydrsulic jump formed just dowmstresm from the
saxe place that the flocculant vas introduced. The jump vas co-pn.rau
tively short but its mixing action permitted s much bdetter floc to
forz. The results of the tests are shown in the following chart as
vell as on the grasph of Figure 19.

Pemnt of n:-%n__
‘ Ztress

0.7%
_.m

n$
%




Tbe-uitinnorﬂnﬂpeculmmbemnﬁm:mertbmu
the vest.. During 35 minutes 0.09 grez of the fiocculant mimed im
3,1&ccct'mrmmmtheﬂmﬂm During the pericd the
flmﬂmmumm,thmmmmmmm

as foliows: |
| " Percent of | ded scéiment
Upetreen oo

After S min  Surface 0.63% o.
Nid-depth 65% | 6%

After 55 win  Surface 6%
Mid-depth 60% ‘ .

After 65 min  Surfsce = .b5% .
Nia-depth g .

mlmrtmmmmmummmmu
wmmmmm

Brtrea T Dovustrems

After 75 min  Surface 0.35% 0.33%

* Mid-depth:

After 85 min  Surface .33%
Mid-depth 3%

After 95 min  Surface %
Mid-depth .33%

After 105 min Surfece 284
Mid-depth .33

m;r@ofnmmsmntheeﬁactofmth
flocculmnt quite plainly. The amount of suspended sediment had elmost
attumdcquinhriuwhmthe addition of the fiocculant was started.
After the flocs had & chance to form the quantity of suspended sedimsnt
started to diminish and contimued to do 80 until after the floeculast
vas stopped, st which point the smount of suspended sedimesnt again
attained an equilidrium stete.




Conclusions un Recosmendations

mmmmluortheﬂocmmmmm
rmlwingconclnsimsanﬁrecmicmmm o

(1) Tre flocculant used in these tests vms succeurulin
accelerating and’ improving sediment remsvel.

(2) The flume tests showed that bettzr flocculstion wes
obuinedvhmwmm;zmemimodn:ed Since it is
doubttul #hafanximm LSiand flocculation was obtained in any of
m:mew@cemmmm&ﬂn
tinafﬂmhxﬂ&mtoginthemmam
mumtuhichusuudonapreuousaeumtinan

Possibly be used to give this relationship.

(3) mwmwmumm,mcm '
nadsm“mlbeminmtocmlmﬂnm‘
mltsvithmtotypeuoe.




A. General view siiowing the 1-foot by 1}-foot”
by 30-foot loag recirculating flume used in
Test Series No. 2,

B. Boltom withdrawal tubes used
in Test Series No. 1.

SEDIMENTION STUDY
Using Flocculatingidgents
Test Equipment
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FIGURE 6
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FIGURE 10
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FIGURE 17
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FIGURE 19
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